) has been modified for detection of the LCR products with a nonisotopic readout. When a chemiluminescent or a colorimetric substrate for the nonisotopic detection of the LCR products was used, the PCR-coupled LCR gave a sensitivity of 10 CFU of L. monocytogenes. The detection method with the chemiluminescent substrate Lumi-Phos 530 permitted detection of the LCR products in less than 3 h, so that the whole assay can be completed within 10 h.
Listeria monocytogenes is a gram-positive facultative anaerobe bacterium. It is ubiquitous in nature and has been linked to outbreaks of food-borne illness involving a wide range of foods (10) . Specific detection of L. monocytogenes is very important with regard to food hygiene and safety, since all other species within the Listeria genus appear to be nonpathogenic to humans (13) . Conventional microbiological detection methods for L. monocytogenes are very timeconsuming and can take up to 4 weeks until final results are obtained (15) . A variety of detection methods for L. monocytogenes based on nucleic acid probes or monoclonal antibodies have been described (reviewed in reference 13). Furthermore, various detection systems using the polymerase chain reaction (PCR) for specific detection of L. monocytogenes have been reported (3-6, 9, 11, 12, 14, 17, 20-22) . Our group recently reported the use of a PCRcoupled ligase chain reaction (LCR) for the sensitive and specific detection of L. monocytogenes (23) . This assay is based on a single base pair difference in the V9 region of the 16S sequence of the genes coding for rRNA which distinguishes L. monocytogenes from other closely related Listeria spp. (7, 8, 19) . This LCR was originally performed with radioactive labeled primers, and ligation products were detected by autoradiography after denaturing polyacrylamide gel electrophoresis. This format for the detection of the LCR products is not ideal for routine diagnosis because it involves the use of radioisotopes and takes more than 12 h to complete. A nonisotopic approach for the detection of products of an oligonucleotide ligation assay (16) was adapted for the detection of LCR products (24) . In this paper, we describe the refinement and optimization of this method for use in the PCR-coupled LCR.
(The results presented in this paper are part of M. Wiedmann's thesis [22a] ).
PCR. Listeriae were grown as described previously (23 LCR primers and LCR conditions. The LCR was performed with a set of primers (Lm la, Lm 2Ra, Lm 3a, Lm 4Ra) which specifically detect a single base pair difference in the V9 region of the 16S genes coding for rRNA which is characteristic for L. monocytogenes (23 LCR reactions were performed as previously described (1, 23) with minor modifications. Primers Lm la, 2Ra, 3a, and 4Ra (100 fmol of each) were incubated with 1 ,ul of PCRamplified 16S genes coding for rRNA in 25 ,ul of LCR buffer (23) containing 37.5 nick closing units of Thennus aquaticus DNA ligase (purified as described previously [2] ).
Nonisotopic detection of LCR products. For the detection of the LCR products in the microtiter plate format, a modified procedure from Nickerson et al. (16) (Fig. 1, wells 1 to 3) .
Results are considered positive for L. monocytogenes when the signal intensity for a well is clearly higher than the one obtained from the LCR with L. innocua PCR-amplified 16S genes coding for rRNA. In the detection withp-NPP, an LCR is considered positive for L. monocytogenes when the optical density at 450 nm calculated for the average of two replicates is 2 standard deviations higher than the optical density at 450 nm of L. innocua PCR-amplified 16S genes coding for rRNA.
Detection of the LCR products with the luminogenic substrate Lumi-Phos 530 and the chromogenic substrate p-NPP gave equivalent results when an incubation time of 12 h was chosen for the latter substrate. Results of a detection with Lumi-Phos are shown in Fig. 1B ; positive results in the LCR are seen only with the L. monocytogenes 16S genes coding for rRNA (wells 1 to 3). The results for the same LCR products withp-NPP as a substrate in the detection reaction are shown in Table 1 . The detection method with Lumi-Phos 530 is better with respect to the rapidity with which the results of the LCR are obtained; this detection system can be finished in 3 h, whereas both the radioactive detection and the nonradioactive detection withp-NPP take more than 12 h. On the other hand, the detection mode withp-NPP allows a noninstrumental semiquantitative readout of the yellow color.
Number of LCR cycles. When an increasing number of LCR cycles (5, 10, 15, 20, and 
